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(54) Positioning system and method and apparatus for device manufacture 



(57) A positioning system wherein a holding surface 
(11 ) for hoMIng a substrate is movable relative to a t>ase 
(55) in directions of X, Y and 2 axes and in rotattonal 
directions about the X, Y and Z axes, wherein there are 



plural guWIng devices associated respedtvety with mo- 
tions in the directions of X, Y and Z axes and in the ro- 
tational directtons about the X. Y and Z axes, respec- 
tively, and wherein each guiding device comprises a 
non-contact static bearing device. 
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Description 

FIELD OF THE INVENTION AND RELATED ART 

This invention relatae to a positioning system and. 
more particularly, to a positioning system for use In an 
e]q}osure apparatus for forming a pattern on a planar 
member or substrate, such as a semiconductor wafer or 
a liquid crystal panel, for example. In another aspect, 
the invention is concerned with a method and apparatus 
for device nnanufacture. such as an exposure method 
and apparatus, by which, in a process of manufacture 
of microdevices such as high-density Integrated circuit 
chips (e.g.. semiconductor memories or computing 
units), for example, the attitude or tilt of an object to be 
exposed, such as a wafer on which a circuit pattern or 
the like is to be printed, is correctly maintained whereby 
high precision exposure is assured. 

Exposure apparatuses such as those called step- 
pars, by which a pattern of a mask or reticle, for manu- 
facture of semiconductor devices, is projected onto a 
wafer, are usually equipped with a function for attaining 
alignment of the reticle and the wafer The exposure 
process is performed after the alignment process using 
that function. Generally, in such alignment process, a 
deviation between an original (such as a reticle) having 
a pattern to be transferred and an object to be exposed, 
such as a wafer (substrate), is first measured. Then, on 
the basis of the result of measurement and through the 
control based on measurement by a laser measurement 
device, the object to be exposed (substrate) is moved 
through step-and- repeat motion or, alternatively, both of 
the original and the the object to be exposed are moved. 

Step-and-repeat type steppers or step-and-scan 
type steppers should have a performance by which a 
wafer stage (substrate stage), which is movable while 
holding a wafer or substrate to be exposed thereon, can 
be positioned very precisely. TTiis performance is re- 
quired from the point of resolution and registration pre- 
cision of the stepper itself. Also, further improvements 
in quick positioning operation have recently been de- 
sired, for further enhancement of the productivity. 

Figure 1 5 is a perspective view of a wafer stage of 
known type, to be used in an exposure apparatus. De- 
noted in the drawing at 1 55 is a base on which a Y stage 
(Y-direction movement mechanism) 154 is mounted. 
Mounted on the Y stage 154 Is an X stage (X-dlrectlon 
movement mechanism) 151. The Y stage and the X 
stage are components of an X- Y stage. Mounted on the 
X stage 151 is a top stage (O-Z-T stage) Eg on which 
mirrors IGla and 191b are placed. Measurement laser 
axes 192a and 192b from laser interferometers are pro- 
jected on these mirrore 191a and 1 91 b, respectively, for 
measurement of the position with respect to the direc- 
tion of the X and Y axes. 

On the basis of the result of this laser measurement, 
DC motor 1 56a or 156b Is actuated to drive the X stage 
151 or Y stage 154 through a ball screw 157a or 1S7b. 



Usually, each stage is guided by a gukie comprising a 
roller ball bearing, not shown. Figures 16 and 17 are a 
top plan view and a sectional view of the 0-2-T stage 
Eq. wherein the mirrors 191a and 191b are unshown. 
s As illustrated In these drawings, the e-2-T stage Eq 
includes a disk-like holding plats (d-Z-T plate) 104 hav- 
ing a wafer chuck 111 with a surface for attracting there- 
to a substrate such as a semiconductor wafer through 
vacuum attractbn. This holding plate 104 is supported 

10 on the X stage 151 by means of a plurality of (three, for 
example) piezoelectric devKes 105. Each plezoelectru 
device 105 has an end resilisntly connected to a ring- 
like member 103, Juxtaposed to the outskJe circumfer- 
ential edge of the hoMing plate 104. The other end of 

IS the piezoelectric device 105 is resiliently connected to 
the X stage 151 (which functions as a top plate) through 
a resilient hinge 1 05. The holding plate 1 04 and the ring- 
iike member 103 are resiliently connected to each other 
through a plurality of (four, for example) leaf springs 

20 103a. Also, plural supporting members 102 which are 
Integral with the top ptate 151 are resiliently connected 
to the outsMe circumiferential edge of the ring-like mem- 
ber 103 by means of a plurality of (three, for example) 
leaf springs 1 Q3b. 

2S The piezoelectric devices 1 05 are adapted to be ex- 
panded or contracted, individually, in response to drive 
currents supplied thereto, to thereby shift the holding 
plate 104 toward or away from the top plate 151 and, 
additionally, to thereby change the relative tilt angle be- 

30 tween them. Further, the holding plate 104 has a pro- 
jection arm 1 04a extending through an opening 1 03c of 
the ring-like member 1 03, radially outwardly of it. There 
is a piezoetectrK device 1 06 between the projection arm 
1 04a and another projection arm 1 03d wh ich is provided 

55 on the ring-like member 1 03. Expansion or contraction 
of this piezoelectric device 106 causes relative rotation- 
al motkan between the hokiing plate 104 and the ring- 
like member 103. 

The hokjing plate 104 is moved reciprocally along 
an axis (Z axis) perpendicular to the surface of the top 
plate 151 , in response to driving the piezoelectric devic- 
es 105 by the same amounts. By changing the amounts 
of drive of the piezoelectric devices Individually, the tilt 
angle (inclination) with respect to a plane perpendicular 
to the Z axis can be adjusted. Also, the angle of rota- 
tional motnn about the Z axis is adjustable by actuating 
the piezoelectric device 106. By means of fine-motksn 
adjustment such as described above, focusing and final, 
positioning of the wafer as hekJ by the wafer chuck 111 

so can be performed. 

SUMMARY OF THE INVENTION . 

In the structure such as described above, there is a 
55 possibility that, if the resolving power of the laser inter- 
ferometer is enlarged or the rotation speed of the DC 
motor is increased so as to attain higher precision of or 
higher speed of the X-Y stage, the top plate (X stage) 
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151 Is deformed due to friction or reactive force in the 
motion, wtiich causes degradation of precision. Also, 
there may occur abrasion, due to friction, of portions be- 
ing In contact with, each other, which produces much 
dust or a lot of parttcles. On the other hand, the precision 
itself changes and, therefore, there is a necessity of fre- 
quent maintenance operations. 

As regards the 6-Z-T stage Eq, the connection be- 
tween the holding plate 104 and the ring-like member 
103 and the connection between the ring-like member 
103 and the supporting nnember 102, which is Integral 
with the top plate 151, are based on the leaf springs 
103a and 103b, respectively Because of this structure, 
ff the drive amounts of the piezoelectric devices 105 are 
large, the ring-like member 103 or the supporting mem- 
ber 102 may deform, like the lop plate 151 . due to the 
reactive force of the leaf springs 103a or 103b. Such 
deformation may cause degradation of the positioning 
preclskyi. 

It is accordingly an object of the present invention 
to provide a positioning system by which high speed po- 
sitioning operation is assured without coupling of vibra- 
tions during the motion or without production of large 
vibration, by which good position reproducibility is as- 
sured without large friction or abrasion, and by which 
high preciston and stable posittoning operation is as- 
sured without the necessity of any or frequent mainte- 
nance operation. 

it Is another object of the present inventnn to pro- 
vide a device manufacturing method and/or apparatus 
which is based on a positioning system such as de- 
scribed above. 

In accordance with an aspect of the present inven- 
tion, there is provided a positioning system wherein a 
holding surface for holding a substrate is movable rela- 
tive to a base In directions of X, Y and Z axes and in 
rotational directions about the X, Y and Z axes, respec- 
tively, characterized in that: there are plural guiding 
means associated respectively with motions in the di- 
rections of X, Y and Z axes and in the rotational direc- 
tions about the X. Y and Z axes, respectively, wherein 
each guiding means comprises non*contact static bear- 
ing means. 

In one preferred form of this aspect of the present 
invention, said statk; bearing means comprises a porous 
throttling type bearing. 

In another preferred form of this aspect of the 
present invention, there are plural driving means asso- 
ciated respectively with motions in the directions of X, 
Y and Z axes and in the rotatbnal directions about the 
X, Y and Z axes, respectively, wherein each driving 
means comprises a linear motor. 

In a further preferred form of this aspect of the 
present Invention, said positioning system comprises an 
X-Y stage and a 6-Z-T stage disposed between said 
holding surface and said base, wherein said X-Y stage 
is movable in the directions of X and Y axes and wherein 
said B-Z-T stage is mounted on sakd X-Y stage and is 



movable in the direction of Z axis and (n the rotational 
directions about the X, Y and Z axes. 

In a further preferred form of this aspect of the 
present invention, those of said plural guiding means 
5 which are associated respectively with motnns in the 
direction of the Z axis and in the rotational directions 
about the X. Y and Zaxes, respectively, comprise cyltn- 
drk:al statk; bearings, respectively. 

In a further preferred form of this aspect of the 
10 present invention, said 6-Z-T stage is provided with driv- 
ing means which comprises at least three actuating el- 
ements supported by sak:! X-Y stage. 

In a further pfeferred form of this aspect of the 
present Invention, sakj X-Y stage comprises (I) a Y 
IS stage movable along a Y-axis static guiding surface pro- 
vided on said base, (ii) Y-stage driving means for moving 
said Y stage, (iii) an X stage movable with said Y stage 
and movable along an X-axis static guiding surface pro- 
vkled on said Y stage, and (iv) X-stage driving means 
20 for moving said X stage, wherein said X stage and said 
Y stage are supported, individually, on said base by stat- 
ic bearing means, with respect to the direction of the Z 
axis. 

In a further preferred form of this aspect of the 
present invention, said static bearing means has a guid- 
ing surface with a surface roughness not greater than 
Is (1 micron). 

In a further preferred form of this aspect of the 
present inventbn. said statk: bearing means comprises 

30 a porous material having a permeability not greater than 
5x10"^® and a porosity coefficient not greater than 20%. 

In accordance with another aspect of the present 
invention, there is provided a device manufacturing ap- 
paratus or a semiconductor device manufacturing ap- 

35 paratus which may have at least one of the features of 
the positioning system described above. 

/ In accordance with a further aspect of the present 
invention, there is provkJed a devk:e manufacturing 
method ora semiconductor devk:e manufacturing meth- 

^ od which may have at least one of the features of the 
positioning system described above. 

In accordance with the present invention, the guid- 
ing of motions along six axes (directions) may be all pro- 
vkJed by non-contact static gas bearing means. This ef- 

^ fectively and substantially avoids friction or abrasion 
and, thus, assures very good position reproducibility 
High precision and stable positioning operation is thus 
attainable. 

The non-contact guide is also effective to substan- 
so tially avokj the problem of dust production. Also, be- 
cause of abraskxi free, there does not occur a substan- 
tial change with time. This eliminates or suiastantially 
eliminates the necessity of maintenance operation. 
Thus, a reliable and maintenance free posittonlng sys- 
ss tern is provided. 

Additionally, there is no possibility of large vibration 
In the operatnn of the positioning system. Thus, the 
speed of the positksning operatksn can be enlarged eas- 
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ity. Irrespective of the magnitude of the driving amount, 
good positioning precision is retained. This facilitates 
high precision pattern printing operation in a semicon- 
ductor device manufacturing exposure apparatus. 

These and other objects, features and advantages 
of the present invention will become more apparent up- 
on a consideration of the following description of the pre- 
ferred embodiments of the present invention taken in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 Is a perspective view of a positioning sys- 
tem according to an embodiment of the present inven- 
tion, which can be incorporated into a semiconductor 
device manufacturing exposure apparatus. 

Figure 2 is a perspective view of an X-Y stage, in 
an embodiment of the present invention. 

Figure 3 Is a sectional view of the X-Y stage, taken 
along a line A-A' in Figure 2. 

Figure 4 Is a skle view of the X-Y stage, as viewed 
in the direction of an arrow B in Figure 2. 

Figure 5 is a skie view of the X-Y stage, as viewed 
in the direction of an arrow C in Figure 2. 

Figure 6 is a bottom view of an X-Y stage, in another 
embodiment of the present Invention. 

Figure 7 Is a perspective view of an X-Y stage, in a 
further embodiment of the present invention. 

Figure 6 is a sectksnal view of a 8-Z-T stage, In an 
embodiment of the preset invention, wherein the sec- 
tion is taken along a line A-B in Figure 1 0 to be described 
later. 

Figure 9 Is a sectional view of the e-Z-T stage of the 
Figure 8 embodiment, wherein the section is taken 
along a line A-C in Figure 10. 

Figure 10 is a schemata top plan view of the e-Z-T 
stags of the embodiment of Figures 8 and 9, wherein a 
hokling plate is demounted. 

Figure 11 is an enlarged sectional view of a main 
portion of Ihe G-Z-T stage of the Figure 8 embodiment. 

Figure 12 is a schematic top plan view of a 0 -Z-T 
stage. In another embodiment of the present inventk3n, 
wherein a holding plate is demounted. 

Figure 13 is a sectional view of the e-Z-T stage of 
Figure 12, taken along a line D-D in Figure 12. 

Figure 1 4 is a schematic top plan view of a modified 
form of the e-Z-T stage of the Figure 12 embodiment, 
wherein a holding plate is demounted. 

Figure 1 5 is a perspective view of a positioning sys- 
tem of known type. 

Figure 16 Is a top plan view of a e-Z-T stage of 
known type. 

Figure 17 is a sectional view taken along a line E- 
E In Figure 16. 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



The invention will hereinafter be explained with ref- 
s erence to the preferred embodiments illustrated in the 
drawings. Figures 1-14 show embodiments of the 
present inventksn, whnh are applied to a six-axis stage 
for movement of a semiconductor wafer, in e projectton 
exposure apparatus of step-and-repeat type or step- 
10 and-scan type, for manufacture of eemkxsnductor devic- 
es. 

Figure 1 is a perspective view of a six^xis wafer 
stage according to an embodiment of the present inven- 
tion. In this embodiment, the wafer stage comprises a 
IS static X-Y stage having an X stage 51 on which a four- 
axis static e-Z-T stage is mounted. Denoted in the 
drawing at 55 Is a stage base, and denoted at 54 is a Y 
stage. Denoted at 51 is the X stage. Figures 2 - 7 sfiow 
details of this X-Y stage. 
so Figure 2 is a perspective view of the X-Y stage, and 
Figure 3 is a sectional view taken on line A-A' In Figure 
2. Figure 4 is a side view, as viewed in the direction of 
an arrow B in Figure 2, and Figure 5 is a skJe view, as 
viewed In the direction of an arrow C in Figure 2. Figure 
ss 6 is a bottom view of the X-Y stage of Figure 2. 

in Figure 2, denoted at 55 Is the base whose upper 
surface provides a reference surface. Denoted at 55a is 
a recess provided for maintenance of bearing means. 
Denoted at 54 is a Y stage (movable member), and de- 
30 noted at 51 is an X stage (rrxTvable member). Denoted, 
at 52 is a fixed guide for the motion of the Y stage 54 In 
' a horizontal direction (direction of Y axis). Denoted at 
53a, 53b, 53c and 53d are static pressure gas bearing 
means„having porous materials. Of theses static bear- 
35 ing means, the bearing means 53a (see Figure 3) serves 
to guide the motion of the X stage 51 in a horizontal di- 
rection (directksn of Y axis), and the bearing means 53b 
(Figure 3) serves to guide the motion of the X stage 51 
in a vertical direction (direction of Z axis). The bearing 
^ means 53c (sea Figure 4) serves to guide the motion of 
the Y stage 54 in a horizontal direction, and the bearing 
means 53d (Figure 4) serves to guide the motion of the 
Y stage 54 in a vertical direction. 

in Figure 4. denoted at 54a are bearing mounts on 
^ which the static pressure gas bearings 53c andAir 53d 
for the rrxitions of the Y stage 54 In the horizontal (or 
lateral) direction and/or in the vertical (or perpendicular) 
direction, are mounted. Denoted at S4b is a guiding plate 
for the motion of the X stage 51 in a horizontal direction. 
so Preferring back to Figure 2, denoted at 54c are driv- 
ing actuators for moving the Y stage, and denoted at 
54d are coupler plates for the driving actuators 54c of 
the Y stage 54. The coupler plates 54d are connected 
to the static bearing rrraunts 54a, respectively. Denoted 
ss at 51 a is a movable plate of the X stage 51 , and denoted 
at 51 b are bearing mounts (see Figure 3) on which the 
horizontal bearings 53a of the X stage 51 are mounted. 
Denoted at Sic is a bearing mount (Figure 3) on whk:h 
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the vertical bearings 53b of the X stage 51 are mounted, 
and denoted at 51 d is driving actuator means (Figure 3) 
for the X stage 51. 

In Figures 5 and 6, denoted at 56 are loading mag- 
net units, respectively. Each magnet unit has a structure s 
such as disclosed in Japanese LaidOpen Patent Appli- 
cation. Laid-Open No. 63-232912, wherein a loading 
mechanism having a permanent magnet (magnetic 
means) and yokes on both sides of the permanent mag- 
net serves, when a pressurized fluid is supplied to a stat- 10 
ic pressure bearing to thereby float a movable member, 
to prevent tilt of the movable member due to dispersion 
in bearing characteristic to thereby maintain constant at- 
titude of the movable member. In this embodiment, the 
driving actuator means 51 d or 54c uses a linear motor is 
or a hydraulic DC motor, for example. 

As shown in Figure 2. the Y stage 54 is floated 
above the base 55 in response to supply of gases or airs 
to the static bearings 53c and 53d. Also, by means of 
the two driving actuators 54c disposed at the opposite so 
sides of the Y stage, it is moved in the Y direction along 
the fixed guide 52 which is disposed at one side thereof. 
As regards the X stage 51 , it is floated above the base 
55 in response to supply of gases to the static gas bear- 
ings 53a and 53b, as in the case of the Y stage 54. Also, 2S 
by means of the driving actuator means 51c,lt Is moved 
in the X direction while being guided by a horizontal 
guide as provided by the side face 54b of the Y stage. 
Here, the X stage 51 and the Y stage 54 are adjusted 
by the plu ral loading magnet units 56 so as to keep con- oo 
stant attitude, stably. 

The X-Y stage mechanism of the present invention 
as described above, has the foltowing features: 

(a) The guiding of the X stage 51 and the Y stage 35 
54 with respect to the vertical direction is all provid- 
ed by the base 55. Thus, the motion of one of the X 
stage 51 and the Y stage 54 does not produce a 
movement load in the other, such that static attitude 
can be kept satisfactorily. 4C 

(b) There occurs no coupling of vibrations of the Y 
stage 54 in respect to three components in the hor- 
izontal direction (X-axis direction), vertical direction 
(Z-axis direction) and rolling (rotational direction 
about the Y axis). 4S 

(c) Pitching of the Y stage 54 (in the rotational di- 
rectton about the X axis) is transmitted to the X 
stage through the static gas bearing means S3d on- 
ly. This minimizes the coupling. 

(d) Owing to the above, it is possible to provkje the so 
fixed guide 52, the Y stage 54 and the X stage 51 

by using different materials having different thermal 
expansion coefficients. For example, the base 55 
and the fixed guide 52 may be made of a magnetic 
material, for magnetic k>ading, while the Y stage 54 ss 
and the X stage 51 may be made of ceramics, for 
example, for reduction in weight and higher rigidity, 
in that oocasksn, since only one fixed guide 52 is 



used and only one face Is used as a reference, there 
does not occur a charige in characteristic due to a 
temperature difference. 

(e) Since the base 65 is provkJed with the recess 
55a, even if foreign particles are adhered to the 
bearing mount 51 d for vertical bearings of the X 
stage 51 , it is easy to clean the nrwunt by moving 
the X stage 51 to a position below the recess. 

(f) The bearing mount 51b for the horizontal bear- 
ings of the X stage 51 may have a channel shape 
such as shown In Figure 3. This increases the con- 
tact area of components, and it effectively improves 
the stability to relative shift of connected portions. 

(g) The fixed guide 52 is laterally fixed to the base 
55, and this prevents lateral shift of the fixed guide 
52. 

Figure 7 is a perspective view of an X-Y stage 
mechanism, in another embodiment of the present In- 
vention. In this embodiment, the elements correspond- 
ing to those of the preceding embodiment are denoted 
by corresponding reference numerals. In the embodi- 
ment of Figure 7, a fixed guide 52 is mounted on the top 
face of a base 55 by using fixing means (not shown) 
such as pin fixatksn or adhesion, for example. This em- 
bodiment has the same features (a) - (e) described 
above. Additionatly, since there is no necessity of ma- 
chining and preciston finishing of the fixed guide mount- 
ing surface (skfeface)of the base 55 of Figure 2, reduc- 
tion of cost is attainable. Also, the height of the fixed 
guide 52 can be made small, and sufficient rigidity can 
be kept even by reduction in thk:kness. 

Now, referring to Figures 8-14, details of a four- 
axis static e-Z-T stage to be placed on an X stage of a 
static X-Y stage, will be explained. Figure 8 is a longitu- 
dinal section of a four-axis O-Z-T stage in an embodi- 
ment of the present invention, the sectksn being taken 
in the direction of Z axis. 

The four-axis e-Z-T stage E, of this embodiment 
comprises an X top plats 51a of the X stage 51 as do- 
scribed hereinbefore, a fixed member (supporting 
means) 2 of cylindrical shape, being provided integrally 
with the top plate 51 a. The 0-Z-T stage further compris- 
es a guiding member 3 of cylindrical shape, kxssely fitted 
around the outside circumferential surface (supporting 
surface) of the fixed nnember 2b, and a holding plate 4 
integrally connected to an upper end of the guiding 
member 3 as viewed in the drawing. The D-Z-T stage 
further comprises three Z linear motors (driving means) 
5a, 5b and 5c (see Figure 10) for moving the hokiing 
plate 4 towaid or away from the X top plate 51 a of the 
X stage 51. and one 6 linear motor (driving means) 6 
(Figure 10) for rotationally moving the holding plate 4 
relative to the X stage 51 . A wafer not shown can be 
attracted to the surface of the holding plate 4 through 
vacuum attraction. 

The outside circumferential surface of the fixed 
member 2 and the inskje circumferential surface (gukj- 
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ing surface) of the guiding member 3 are relatively sup- 
ported without mutual contact, by means of static pres- 
sures of pressurized fluids as discharged from a porous 
material pad 7 of a ring-like static pressure bearing 
which is held at the outsldG circumferential surface of 
the fixed member 2. This static bearing comprises a po- 
rous throttling type gas bearing. Thus, the holding plate 
4 is movable reciprocally along the Z axis which is the 
central axis both for the fixed member 2 and the guiding 
member 3, and also the holding plate 4 is movable ro- 
tationally about the Z axis. It is to be noted here that, by 
enlarging the size of the porous pad 7 In the Z-axfs di- 
rection, the tolerance for the tilt angle of the holding plate 
with respect to the Z axis can be enlarged. Also, nx)st 
of the weight of the guiding member 3 and the holding 
plate 4 as well as a wafer attracted to the holding piate, 
is supported by the pressure of a pressurized fluid within 
a loading chamber (applying means) B which is defined 
by a step 2a formed on the fixed member 2 and another 
step 3a formed on the guiding member 3. 

As shown in Figure 9, the guiding member 3 has 
inside flow passageways 7a and 6a for supplying pres- 
surized fluids to the porous pad 7 and the loading cham- 
ber 6. Between the fixed member 2 and the lower end 
of the guiding member 3 as viewed in the drawing, a 
labyrinth seal Bb is formed. The size of the clearance 
between the porous pad 7 and the guiding member 3 is 
about 7 microns, and the clearance size of the labyrinth 
seal 8b is approximately 15 microns. 

Tlie Z linear motors 5a, 5b and 5c are disposed 
along a circumferential direction, outside the guiding 
member 3, equidistantly as shown in Figure 10. The lin- 
ear motors 5a - 5c have movable elements 5d each 
comprising a cylindrical frame member having a perma- 
nent magnet on the inside face thereof. This frame 
member is fixedly mounted to the outside circumferen- 
tial surface of the guiding member 3. The linear motors 
Sa - 5c further comprises stationary elements 5c each 
comprising a coil fixedly inounted to the X top plate 51a 
of the X stage 51 . Through wirings not show, these coils 
are connected to predetermined driving circuit means, 
such that each movable element 5d can be driven in the 
Z-axis direction in accordance with the magnitude of an 
electric current supplied from the driving circuit means. 

If electric currents of the same magnitude are sup- 
plied to the Z tinear motors Sa - 5c. the holding plate 4 
moves in the Z-axis direction while maintaining its incli- 
nation. By changing the magnitudes of electric currents 
to be supplied to the Z linear motors 5a - 5c Individually, 
it is possible to change the inclination of the holding plate 
4, that is, the tilt angle thereof with respect to the Z axis. 

The e linear motor 6 shown in Figure 1 0 is disposed 
between two desired ones of the Z linear motors 5a - 
5c. It has a movable element 6a of cylindrical frame 
member having a permanent magnet on the Inside face 
thereof. This frame member is fixedly nwunted on the 
outside circumferential surface of the guiding member 
3. The e linear motor 6 further comprises a stationary 



element 6b which comprises a coil member being fixed 
to the X top plate 51a which is integral with the X stage 
51 . Through wirings not shown, it Is connected to pre- 
determined driving circuit means, such that the movable 
s element 6b can be driven in the circumferential direction 
of the holding plate 4 in accordance with the magnitude 
of an electric current supplied from the driving circuit 
means. This causes rotational motion of the holding 
plate 4 about the Z axis. 

to Non-contact type displacement sensors 9a, 9b and 
9c are disposed on the X top plate 51a. In Juxtaposition 
with the linear motors 5a - 5c. Each displacement sensor 
. 9a, 9b or 9c has a detection end disposed opposed to 
the bottom surface of the holding plate 4 as viewed In 

IS Figure 8, and each displacement sensor serves to de- 
tect a change in position of the holding plate 4 with re- 
spect to the Z-axis direction. Also, there are a pair of 
non-contact type displacement sensors 10a and 10b 
which are mounted on the X top plate 51a and are dis- 

20 posed opposed to the one side edge of the holding plate 
4. On the basis of a difference between their outputs, 
the displacement sensors 1 0a and 10b serve to detect 
an angle of rotation of the holding plate 4 about the Z 
axis. The outputs of the displacement sensors 9a - 9c 
and of the displacement sensors 10a and 10b may be 
fed back to the driving circuit means described herein- 
k>efore and, by doing so, the fine-motion positioning of 
the holding plate 4 can be automated. 

In this embodiment, the Z linear motors 5a - 5c and 

30 the 8 linear motor 6 are supported on the X top plate 
51a, independently of each other. Also, the holding plate 
- 4 and the X top plate 51 are held in a non-contact rela- 
tion. Thus, there is no possibility of large vibration during 
the motion of the holding piate 4. Further, since most of 

35 the weight of the hokiing plate and the wafer held there- 
by is supported by means of the toading chamber B, only 
a.small driving force is required for each of the Z linear 
motors 5a - 5c and the 8 linear motor 6. 

If the Inclinatnn of the holding plate 4, that is, the 

^ tilt angle thereof with respect to the Z axis changes, it 
causes a change in the size of the bearing clearance of 
the porous pad 7 and in the clearance size of the laby- 
rinth seal Oa as well as in the clearance size between 
the permanent magnet and the coll in each of the Z linear 

4S motors 5a - Sc and the 9 linear motor 6. However, in a 
positioning system for performing focus adjustment or 
final positioning in an exposure apparatus, such chang- 
es are very small. Thus, there would not arise problems 
of contact of the porous pad 7 with the guiding member 

so 3, large degradation of the performance of the labyrinth 
seal B or much restriction to the driving amount of the 
linear motor. 

Generally, the minimum clearance of a linear motor 
is about 1 - 2 microns. When as shown in Figure 11 the 
ss diameter of the bearing surface of the porous pad 7 is 
denoted by d. the size thereof in the Z-axis direction is 
denoted by w and the sizes at the opposite ends of the 
bearing clearance are denoted by hi and h2, respec- 
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tively, and if d = 200 mm and w = 20 mm and if tho fine- 
motion adjustment amount a of the tilt angle of the hold- 
ing plate 4 is a = 3x1 0-4 tad. , then the amount of change 
■(hi -h2)/2' in the size of the bearing clearance is about 
3 microns. Since, however, the set clearance size of the 
porous pad 7 is 7 microns and the set clearance size of 
the labyrinth seal is 15 microns, as described hereinbe- 
fore, problems such as mentions above do not arise. It 
is to be noted that the stroke length of the movable ele- 
ment of each linear motor can be 5 mm. 

Figures 1 2 and 1 3 show another embodiment of 6- 
Z-T stage. In this embodiment, in place of the cylindrical 
fixed member 2 of the preceding embodiment, X stage 
(X top plate) 21 is provided with four supports 21a - 21 d 
on which small porous material pads 27a - 27d are held, 
respectively. The porous pads 27a - 27d are disposed 
opposed to flat portions 23a - 23d, respectively, which 
are formed on the outside circumferential surface of a 
guiding member 23 which is integral with a holding plate 
24. Thus, the parous pads 27a - 27d function to support 
the guiding member 23 in four directions, without con- 
tact thereto. In this embodiment, since the holding plate 
24 has to be supported by driving forces of Z linear mo- 
tors 25a - 25c, causing Z-axis motion, the power con- 
sumption is larger than in the preceding embodiment. 
However, no loading chamber is necessary, and tho as- 
sembling Is easier. 

Figure 1 4 shows a modified form of the embodimenl 
of Figure 12. In place of the four supports 21a - 2ld, 
there are two supports 31 a and 31 b which are disposed 
opposed. In two different directions, to a guiding mem- " 
ber 33 similar to the guiding member 23. These two sup- 
ports 31a and 31b hold thereon small porous material 
pads 37a and 37b. respectively. Additionally, these sup- ■ 
ports 31 a and 31 b are provided with loading permanent 
magnets 3Ba • 3ed each being juxtaposed to the porous 
pad 37a or 37b. By means of the magnetic attraction 
forces of these loading pemianent magnets 38a - SSd. 
the guiding member 33 is attracted toward the porous 
pads 37a and 37b. In this modified form, the number of 
components to be assembled is reduced In accordance 
with the decrease in the number of supports used. Thus, 
the production cost is lowered. 

In the embodiments of the present invention as de- 
scribed hereinbefore, the Z linear motor may be re- 
placed by a combination of piezoelectric rotation motor 
and screw or a combination of the former with resilient 
hinge. Also, the G linear motor may be replaced by a 
rotation motor. Further, the actuators for the e-Z-T stage 
may be mounted on a bearing mount (not shown) for 
vertical direction bearings of the X stage. In that occa- 
sion, the overall height can be reduced to a half or small- 
er of the conventional structure. 

TTie guiding surface of the static bearing means 
may preferably have a surface roughness not greater 
than Is (1 micron). TTie static bearing means may pref- 
erably comprises a porous material having a gas per- 
meability or permeability coefficient not greater than 



5x10-16 and having a porosity coefficient not greater 

than 20%. 

While the invention has been described with refer- 
ence to the structures disclosed herein, it is not confined 
5 to the details set forth and this application is intended to 
cover such nrxxiifications or changes as may come with- 
in the purposes of tho improvements or the scope of the 
following claims. 
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Claims 



1 . A positioning system wherein a holding surface for 
holding a substrate is movable relative to a base In 

IS directions of X, Y and Z axes and in rotational di- 
rections about the X. Y and Z axes, respectively, 
characterized In that: 

there are plural guiding means associated re- 
spectively with motions In the directions of X, V and 

^ Z axes and in the rotational directions about the X, 
Y and Z axes, respectively, wherein each guiding 
means comprises non-contact static bearing 
means. 

2. A system according to Claim 1 , wherein said static 
bearing means corrtprlses a porous throttling type 
bearing. 

3. A system according to Claim 2, further character- 
30 ized by plural driving means associated respective- 
ly with motions In the directions of X, Y and Z axes 
and in the rotationai directions about the X, Y and 
Z axes, respectively, wherein each driving means 
comprises a linear motor. 

3S 

4. A system according to Claim 1, wherein said posi- 
/ tioning system comprises an X-Y stage and a 6-Z- 

T stage disposed between said holding surface and 
said base, wherein said X-Y stage is movable in the 
4o directions of X and Y axes and wherein said 8-Z-T 
stage is mounted on said X-Y stage and is movable 
In the direction of Z axis and in the rotational direc- 
tions attout the X, Y and Z axes. 

^ S, A system according to Claim 4, wherein those of 
said plural guiding means which are associated re- 
spectively with motions in the direction of the Z axis 
and in the rotational directions about the X, Y and 
Z axes, respectively, comprise cylindrical static 

^ bearings, respectively. 

6. A system according to Claim 5, wherein said 9 -Z- 
T stage Is provided with driving means which com- 
prises at least three actuating elements supported 

ss by said X-Y stage. 

7. A system according to Claim 4. wherein said X-Y 
stage oomprisos (i) a Y stage movable along a Y- 



7 



13 



EP 0 729 073 A1 



14 



axis static guiding surface provided on said base, 
(ii) Y-stage driving means for moving said Y stage, 
(ill) an X stage movable with said Y stage and mov- 
able along an X-axis static guiding surface provided 
on said Y stage, and (iv) X-stage driving means for 5 
moving said X stage, wherein said X stage and said 
Y stage are supported, individually, on said base by 
static bearing means, with respect to the direction 
of the Z axis. 

10 

6. A system according to Claim 1 , wherein said static 
bearing means has a guiding surface with a surface 
roughness not greater than 1 s (1 micron). 

9. A system according to Claim 2, wherein said static is 
bearing means comprises a porous material having 
a permeability not greater than 5xlO-^« and a po- 
rosity coefficient not greater than 20%. 



bearings, respectively. 

16. An apparatus according to Claim 14, wherein said 
e-Z-T stage is provided with driving means which 
comprises at least three actuating elements sup- 
ported by said X-Y stage. 

16. An apparatus according to Claim 13, wherein said 
X-Y stage comprises (i) a Y stage movable along a 
Y-axis static guiding surface provided or said base, 
(ii) Y-stage driving means for moving said Y stage, 
(Hi) an X stage movable with said Y stage and mov- 
able along an X-axis static guiding surface provided 
on said Y stage, and (iv) X-stage driving means for 
moving said X stage, wherein said X stage and said 
Y stage are supported, individually, on said base by 
static bearing means, with respect to the direction 
of the Z axis. 



10. A device manufacturing apparatus wherein a sub- 20 
strafe is placed on a holding surface movable rela- 
tive to a base in directions of X. Y and Z axes and ' 

in rotational directions about the X, Y and Z axes, 
respectively, and wherein a device manufacturing 
process is performed lo the substrate held on said ss 
holding surface, characterized in that: 

there are plural guiding means associated re- 
spectively with motions in the directions of X, Y and 
Z axes and in the rotational directions about the X, 

Y and Z axes, respecttvety. wherein each guiding 30 
means comprises non-contact static bearing 
means. ' 

11. An apparatus according to Claim 10, wherein said . 
static bearing means comprises a porous throttling 3S 
type bearing. 

12. An apparatus according to Claim 11, further char- 
acterized by plural driving means associated re- 
spectively with motions in the directions of X, Y and 40 
Z axes and in the rotational directions about the X, 

Y and Z axes, respectively, wherein each driving 
means comprises a linear motor 

13. An apparatus according to Claim 10, wherein said 45 
apparatus comprises an X-Y stage and a e-Z-T 
stage disposed between said holding surface and 
said base, wherein said X-Y stage is movable in the 
directions of X and Y axes and wherein said ^Z-T 
stage is mounted on said X-Y stage and is movable so 
in the direction of Z axis and in the rotational direc- 
tions about the X, Y and Z axes. 

14. An apparatus according to Claim 1 3, wherein those 
of said plural guiding means which are associated 
respectively with nrotions In the direction of the Z 
axis and in the rotationat directions about the X, Y 
and Z axes, respectively, comprise cylindrical static 



17. An apparatus according to Claim 10, wherein said 
static bearing means has a guiding surface with a 
surface roughness not greater than Is (1 micron). 

18. An apparatus according to Claim 11, wherein said 
static bearing means comprises a porous material 
having a permeability not greater than 5x1 0-""* and 
a porosity coefficient not greater than 20%. 

19. A device manufacturing method wherein a sub- 
strate is placed on a holding surface movable rela- 
tive to a base in directions of X, Y and Z axes and 
in rotational directions about the X, Y and Z axes, 
respectively, and wherein a device manufacturing 
process is performed to the substrate held on the 
holding surface, characterized in that: 

with respect to each of motions in the direc- 
, ' tions of X, Y and Z axes and in the rotational direc- 
tions about the X, Y and Z axes, respectively, the 
holding suriace is guided by non-contact static 
bearing means. 

20. A method according to Claim 1 9. wherein the static 
bearing means comprises a porous throttling type 
bearing. 

21. A method according to Claim 20, further character- 
ized by using plural driving means associated re- 
spectively with motions in the directions of X, Y and 
Z axes and in the rotational directions about the X, 

Y and Z axes, respectively, wherein each driving 
means comprises a linear motor. 

22. A metfiod according to Claim 1 9, wherein there are 
an X-Y stage and a e-Z-T stage disposed between 
the holding surface and the base, wherein the X-Y 
stage is movable in the directions of X and Y axes 
and wherein the e-Z-T stage is mounted on said X- 

Y stage and is movable in the direction of Z axis and 
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in the rotational directions about the X, Y and Z ax- 
es. 

23. A method according to Claim 22. wherein each of 
motions in the direction of the Z axis and in the ro- 5 
tational directions about the X, Y and Z axes, re- 
spectively, is guided by cylindrical static bearing 
beams. 

24. A method according to Claim 23. wherein the 6 -Z- io 
T stage is provided with driving means which com- 
prises at least three actuating elements supported 

by the X-Y stage. 

25. A method according to Claim 22, wherein the X-Y is 
stage comprises (i) a Y stage movable along a Y- 
axis static guiding surface provided on the base, (il) 
Y-stage driving means for moving the Y stage, (iii) 

an X stage movable with the Y stage and movable 
. along an X-axis static guiding surface provided on 20 
the Y stage, and (Iv) X-stage driving means for mov- 
ing the X stage, wherein the Xstage and the Y stage • 
are supported, individually, on the base by static 
bearing means, with respect to the direction of the 
Z axis. ^s 

26. A method according to Claim 1 9, wherein the static 
bearing means has a guiding surface with a surface 
roughness not greater than Is (1 micron). 

27. A method according to Claim 20, wherein the static 
bearing means comprises a porous material having 
a permeability not greater than 5x10-*'® and a po- 
rosity coefficient not greater than 20%. 
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